Background: It is established that glycemic control measures involving diet and oral medication reduce glycated hemoglobin concentration (HbA1c) in type-2 diabetic patients. Aim: We aimed to determine whether HbA1c reduction after diabetic treatment is affected by age, gender, level of adiposity and diabetes duration in type-2 diabetic patients. Methods: One hundred and four type-2 diabetic patients participated in a 20-week diabetic control therapy involving oral medication (metformin) and lifestyle intervention (diet). We compared the HbA1c reduction after treatment between the elderly and non-elderly; males and females; overweight/obese and nonoverweight/obese; and long-standing and newly diagnosed patients. Results: After the treatment, participants had mean HbA1c reduction of 1.1% ± 1.31% and weight loss of 2.46 ± 1.79 kg. Fortysix (44.2%) of the patients had acceptable HbA1c level of <6.5%. Significantly greater HbA1c reduction was observed in non-elderly, non-overweight/obese and newly diagnosed patients compared to the elderly, overweight/obese and long-standing diabetic patients (p < 0.05 or p < 0.01 or p < 0.001), respectively. HbA1c reduction did not indicate significant sex differences. Conclusion: The present findings suggest that treatment criteria for type-2 diabetes should account for the age, level of adiposity and diabetes duration of the patient in order to make optimal therapeutic decisions for the treatment of diabetes mellitus in adults.
INTRODUCTION
Glycemic control measures are usually targeted toward reducing plasma glucose concentration. Such glycemic control measures are critical because, hyperglycaemia is associated with increased risk of micro-vascular complications, sensory neuropathy, myo-cardial infarction and stroke in patients with type-2 diabetes [1] [2] [3] [4] . Maintaining glycaemic levels as close to the non-diabetic range as possible, has been demonstrated to have a powerful beneficial impact in reducing complications in type-2 diabetes [5] .
A previous study [6] has shown diabetes control therapy involving oral medication and lifestyle intervention (diet), to be an effective measure in achieving HbA1c reduction and weight loss in patients with type-2 diabetes. However, to the best of our knowledge, no previous study has demonstrated the effect of age, sex, level of adiposity or duration of diabetes on HbA1c reduction of type-2 diabetic patients after treatment. We believe that knowledge of these facts may improve the process of making optimal therapeutic decisions for the treatment of type-2 diabetes mellitus in adults. The present study therefore aimed at evaluating the effect of combination of oral medication (metformin) and life-style intervenetion (diet) on hyperglycemia and how this effect is dif-ferentiated between age groups, genders, level of adiposity and diabetes durations in those with type-2 diabetes.
METHODS

Subjects
One hundred and twenty-seven type-2 diabetic patients who met the inclusion criteria were recruited for the study. Of this population, 67 were recruited from students and staff of Igbinedion University, Okada, Edo state, Nigeria and had no history of diabetes prior to the study; 60 were patients who were already attending the diabetic clinic of the Igbinedion University Teaching Hospital prior to the study. The diagnosis of type-2 diabetes was based on medical history and the finding of a glycated hemoglobin value ≥6.5%. A standard questionnaire on medical history was administered to the subjects to determine those eligible for the study. Those included in the study were 18 years of age or older; physically able to attend the clinic; either not taking diabetic medications or has been taking any other oral diabetic medication except metformin. Exclusion criteria included, those with a history of unstable cardiovascular and peripheral disease; those with chronic illnesses; those with recent blood loss or donated blood recently; those who have hemolytic anemia; and those using medications known to affect glucose metabolism. Blood samples were aseptically collected into floride oxalate and EDTA bottles for glycated hemoglobin measurement. For the purpose of this study, patients were grouped as elderly (age ≥ 60 yrs) or non-elderly (age < 60 yrs); non-overweight/obese (BMI < 25 kg/m 2 ) or overweight/obese (BMI of ≥25 kg/m 2 ); and newly diagnosed diabetics (diabetes duration <18 months) or long-standing diabetics (≥18 months diabetes duration). The ethics committee of the institution approved the study and all the subjects gave their written informed consent prior to the study.
Diabetic Treatment
Three weeks prior to the commencement of active diabetic treatment, each patient was placed on a placebo and instructed to maintain a hypocaloric/high fiber diet within this period. Patients were also educated about diet and glycemic control. At the end of the three weeks, each patient's glycated hemoglobin level was checked. Those who recorded an HbA1c level of <6.5% (n = 5) were excluded from the study and could not proceed to the active treatment phase.
One hundred and twenty two patients who had HbA1c level >6.5% progressed to the active treatment phase of the study. The active diabetic treatment involved the combination of drug (metformin) and diet (hypocaloric/ high fiber diet) therapies and lasted for the duration of 20 weeks. During the first visit (week 0) of active treatment, the patient's body mass index was determined and the HbA1c level measured. Treatment was initiated with an oral diabetic medication of 500 mg metformin, thrice daily (i.e. a total of 1500 mg) with breakfast, lunch and dinner. The pharmacist provided drug information, while a dietician reinforced the instructions on hypocaloric/ high fiber diet to be followed by the patients through out the period of the treatment. The 2 nd and 3 rd visits occurred after the second and fourth weeks and with the metformin dose increased to 2500 mg/day by adding a second 500 mg tablet to the dinner and breakfast meals respectively. After the 5th week, patients were asked to maintain the maximal dose of metformin (2500 mg per day) unless side effects (gastro-intestinal or hypoglycemia) dictated a reduction in the dose. Subsequent visits by the patients were at 4 weeks intervals until the end of the treatment period. During each of these visits, information about drug compliance by patients and adverse drug reactions were obtained, while the dietician reinforced the dietary instructions. At the end of the 20 th week, patient's body mass index was determined, the HbA1c concentration measured and drug compliance evaluated. Compliance to oral medication was defined as the number of doses actually taken divided by the number prescribed [7] . Data for those who could not achieve ≥80% compliance with the prescribed regimen were excluded from the study. Reduction in HbA1c levels was the primary study endpoint and serves as the index of response to glycemic control therapy.
Glycated Hemoglobin Estimation
We analyzed glycated hemoglobin using ion exchange chromatographic method (DIALAB, Gieselhaft, Germany). Glycated hemoglobin samples were stored at 2˚C -8˚C and the analysis done within one week. The following formula given by the manufacturer of the kit was used to obtain Diabetes Control Complications Trial referenced values: HbA1c (NGSP) (%) = 0.86 HbA1c-Dialab (%) + 0.24.
Anthropometric Measurement
Subject's height was measured to the nearest 0.1 cm, and weight to the nearest 0.1 kg in light clothing without shoes. BMI was then calculated as weight (kg) divided by the square of the height (m 2 ).
RESULTS
The demographic and baseline characteristic of subjects are as shown in Table 1 . Of the 122 patients who participated in the active treatment, 104 (50 men, 54 women; mean age, 53.2 ± 10.11 yrs; BMI, 24.4 ± 3.30 kg/m 2 ; diabetes duration 2.9 ± 3.94 yrs; and baseline HbA1c concentration, 8.6% ± 1.85%) were able to complete their clinical visits and achieved at least 80% adherence to their oral anti-diabetic prescription. Six of the patients could not complete their clinical visits; four could not complete the treatment due to adverse effects of drugs (gastro-intestinal); and eight could not achieve 80% compliance to drug prescription. The elderly had significantly higher BMI (p < 0.01) and diabetes duration (p < 0.05) compared to the non-elderly. There was no significant difference in baseline HbA1c levels between the elderly and non-elderly. No significant differences were observed between males and females with regard to age, BMI and baseline HbA1c levels. However, the males had significantly higher (p < 0.05) diabetes duration than the females. Overweight/obese diabetics had significantly higher age (p < 0.01), BMI (p < 0.001) and diabetes duration (p < 0.01) compared to the non-overweight/obese diabetics. Baseline HbA1c values did not differ between the overweight/obese and non-overweight/ obese groups. Long-standing diabetic patients had significantly higher age (p < 0.001), BMI (p < 0.05) and mean diabetes duration (p < 001) than those with newly diagnosed diabetes. However, no significant difference was found with regard to the baseline HbA1c levels between the two groups.
Characteristics of subjects at the end of the 20 th week of treatment are as shown in Table 2 . The participants mean HbA1c level was 7.5% ± 1.72% after the 20-week treatment, showing a reduction of 1.1% ± 1.30% from the mean baseline value. Participants also showed a weight loss of 2.46 ± 1.78 kg and BMI reduction of 0.94 ± 0.69 kg/m 2 . Forty-six (44.2%) of the patients had acceptable HbA1c level of <6.5% after treatment. Mean weight loss and BMI reduction were significantly higher (p < 0.05) in non-elderly group compared to the elderly but statistically similar between genders, levels of adiposity and diabetes durations. Significantly greater HbA1c reductions were observed in non-elderly (1.31%; p < 0.01), non-overweight/obese (1.47%; p < 0.001) and newly diagnosed diabetics (1.96; p < 0.05) compared to the elderly (0.46%), overweight/obese (0.45%) and longstanding (0.91%) diabetic patients respectively, ( Figure  1 ). There was no significant gender difference observed in HbA1c reduction.
A linear regression analysis indicated significant negative correlations between HbA1c reduction and age (r = −0.408; p < 0.001), BMI (r = −0.278; p < 0.01) and diabetes duration (r = −0.321; p < 0.01) respectively. No significant correlation was observed between HbA1c reduction and sex (r = 0.114; p = 0.250).
DISCUSSION
The present study indicated a general reduction in glycated hemoglobin level and weight loss in all age, gender, adiposity and diabetes duration regimens, in type-2 diabetic patients who underwent a 20-week anti-diabetic treatment involving a combination of oral medication (metformin) and life-style intervention (diet). Our data strengthens previous evidence [6] that the addition of metformin to diet is an effective therapy in achieving HbA1c reduction and weight loss in patients with type-2 diabetes. Abbreviations: BMI = Body mass index; HbA1c = Glycated hemoglobin concentration. P < 0.05, *** P < 0.001. Our findings further indicated that older patients had lower HbA1c reduction compared to the younger ones. It has been reported that elevated basal hepatic glucose output is the primary factor responsible for increased fasting plasma glucose concentrations in patients with non-insulin dependent diabetes mellitus [8] and the effect of metformin is mediated through the inhibition of hepatic glucose production [6] . Aging has been associated with defects in glucose metabolism in both healthy and diabetic adults [9, 10] . A progressive decline in renal function and decrease in total liver volume occur with advanced age and may result in reduced capacity in drug metabolism and slower elimination of drugs that are partially or completely cleared by the kidneys, including metformin and other diabetes agents [11] [12] [13] .
Obesity and the associated metabolic complications are increasingly recognized as independent risk factors for diminished response to therapy and more severe liver disease [14] . Several types of hepatic conditions such as non-alcoholic fatty liver disease and chronic infection with hepatitis C virus are worsened by the presence of obesity in patients [15, 16] . These facts suggest that increase in adiposity level may contribute to poor hepatic function, hence poor glucose metabolism and attenuated effect of anti-diabetic medication in those who are overweight/obese. The present study indicated lower HbA1c reductions in overweight/obese compared to non-overweight/obese patients. In contrast, a previous study [17] on diabetic patients treated with metformin has demonstrated that the HbA1c reduction in non-obese diabetic patients was similar to that in obese patients.
It is not known whether diabetes duration affects responses to glycemic control therapy. However, because the liver plays a crucial role in glucose metabolism, it is not surprising that diabetes mellitus is a complication of many chronic liver diseases. Studies have shown that the association between diabetes mellitus and liver diseases such as chronic hepatitis, fatty liver, liver failure, cirrhosis and hepatocellular carcinoma are positively correlated with diabetes duration [18, 19] . The long duration-induced complications of diabetes may interfere with the capacity of the liver in effective metabolism and may explain the lower response to glycemic control therapy observed in patients who had long-standing diabetes compared to the newly diagnosed diabetics in this study.
Previous studies have reported that men and women differ in behavior and attitudes toward their diabetes. For example, it has been reported that women tend to regulate their diabetes through diet, but they exercise less than men [20] , report more negative impacts of diabetes [21] , use the health care system more often than men [22] , more inclined to comply with regular follow-up and have a tendency to have a more adaptive attitude toward diabetes [23] . These literatures seem to suggest the tendency of improved response to glycemic control measures in women compared to men. In the present study, both genders indicated similar age, BMI and baseline HbA1c. Similarly, irrespective of sex, patients in this study were regular with their clinic visits, achieved acceptable levels of drug compliance and followed their diet instructions seriously. These factors may have contributed to the lack of significant gender difference observed in HbA1c reduction in this study.
CONCLUSION
The present study indicated lower HbA1c reductions in the elderly, overweight/obese and long-standing diabetic patients compared to the non-elderly, non-overweight/obese and newly-diagnosed patients. These findings suggest lower responses to glycemic control therapy in elderly, overweight/obese and long-standing type-2 diabetic patients when compared to the non-elderly, nonoverweight/obese and newly diagnosed diabetic patients. We recommend that the choice of glycaemic goals for type-2 diabetes and the treatment criteria used to achieve them should take into consideration, the age, level of adiposity and diabetes duration of the patient in order to make optimal therapeutic decisions for the treatment of diabetes mellitus in adults.
